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Abstract 
In this paper the generalized Peres space-time is considered for the (t/z)-type plane gravitational 

waves and the Mathematical solutions of generalized Maxwell's equations are obtained. The 

solutions resemble with those of Takeno (1961). 
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1. Introduction 
 

Takeno (1961)
[1]

 exposed mathematically the plane gravitational waves and obtained numerous 

results thereof in general relativity. He considered (z-t) and (t/z)-type waves and obtained the 

plane wave solutions of field equations in G.R. Furthermore he considered the Peres space-time  

 

              
222222 ))(,,(2 dtdzZyxfdtdzdydxds    ,          )( tzZ          (1.1) 

and obtained a necessary and sufficient condition that P be Minkowskian. Lal and Ali (1970)
[3]

 

considered the modified Peres space-time 

 

            
22222 )(2)(2 dtECEdzdtdzECBdyDdxdyAdxds           (1.2) 

 

where A,B,C,D are the functions of 

 

 )( tzZZ  and  ),,( ZyxEE                                                       (1.3) 

and obtained the solutions of the field equations 
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where 
ij

G  is the Ricci tensor of space-time (1.2) and 
ij

E  is the electromagnetic energy tensor 

defined by 
                    

                  
kl

jlik

kl

klijij
gFFFFgE  )4/1(                                                                                   (1.5) 

where 
ij

F  is antisymmetric electromagnetic field tensor satisfying generalized Maxwell equations 

                   (a)       0
;;;


jkiijkkij
FFF            (b) 0; j

ijF                                                 (1.6) 

S.R.Bhoyar and A.G.Deshmukh (2012)
[4]

 cosidered the generalized metric 

 

          
222222 )1(2)1( dtEZEdzdtdzEZBdyAdxds                                (1.7) 

where   ),(ZAA     ),(ZBB  and ),,,( ZyxEE   and using ztZ /  obtained the 

condition that the field equation  (1.6)  possess  the solution. In the Present investigation we use 

the space-time (1.7) with the modification  ),,( ZxAA   ),,( ZyBB  and   ),,,,( ZzyxEE   and 

use the ztZ / -type wave and find the solution of the field equations (1.4). 

 

2. The Curvature Tensor and the Ricci Tensor 

According to Takeno's (1961) definition of plane gravitational waves, a plane wave 
ij

g  is a non-

flat solution of the field equations (1.4) with the property that, in some suitably chosen co-

ordinate system, 

               )(Zgg
ijij

 ,    )( ixZZ   ,    ),,,( tzyxx i  ,                                                    (2.1) 

satisfying  

            0
,,


ji

ij ZZg   ,                                                                                                             (2.2) 

  and        ),( tzZZ       , ( 0
3,
Z    0

4,
Z  ).                                                                    (2.3)            

Following the above definition of plane wave solutions, the fundamental tensors  
ij

g  and 
ijg for 

the space-time (1.7) are as follows: 
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and 
2mZg    where ABm   .                                                                                                   (2.4) 

The components of Christoffel symbols are as given below 
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         where             











2

2 ZE
EK   ,and ABm                                                                (2.6) 

The components of covariant curvature tensor
hijk

R  and those of Ricci tensor 
ij

R  are obtained as: 
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3. Electromagnetic Field Tensor 

We take the components of electromagnetic potential   
 

),,,( HGFk
i


                                                                         (3.1) 

 

where ,,, HGF   are functions of (x,y,Z),    Z= t/z   where ⌽ is a scalar potential and ),,( HGF
 

is a vector potential of electromagnetic field  ij
F

 . The electromagnetic field  ij
F

 is described by 

the components of electric force 
),,(

111
ZYX

 and the components of magnetic force   
),,( 

.  

The usual relations connecting field with potential are  
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which in tensor notations can be put as      
ijjii

j

j
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From equations (3.2) and (3.3) we have  
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     (3.4) 

Since the electromagnetic waves are transverse in character hence  0
3412
 FF . This imposes 

the condition on the components of 
i

k , namely 

              (i) 0
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From (3.5)(i)and  (3.4) we get 
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From (3.5)(ii)and (3.4) we get, 

                
11413

CtFzF 
,            22423

CtFzF 
                                                              (3.7) 

and assuming  C1 = C2 = 0  we get  

     


1413
tFzF

 ,  


2423
tFzF

                                                                                (3.8) 

where  σ and  ρ  are some functions of (x,y,Z) which reduce the equation (3.6) to 

                                
0
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                                                                                           (3.9) 

Hence the components of electromagnetic field tensor  ij
F

 are given as  
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The corresponding components of 
ijF  are 
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Equations (3.10), (3.11)and (1.5) give the values of non vanishing components of  

electromagnetic energy tensor as: 
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4. Solutions of the Field Equations 

Substituting the values of  
ij

R  and  
ij

E  into equation (1.4) we get  

)(
16

)(
2

)(
2

22

2

22

2

2

2




BA
z

EBAEAB
m

z
BEAEzBA

Z

Em

m

m
m

yyxxxxyy





      (4.1)        

 

The field equation (1.6) (a) is satisfied identically by the components of   
ij

F
 

while the equation (1.6) (b) is satisfied only if  
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                                                                                                              (4.2) 

 

5. Conclusions  

Thus, following Takeno's definition the plane wave solutions of the field equations (1.4)and that 

of the Maxwell's generalized equations (1.6) are composed of  
ij

g given by (2.4) and 
ij

F  given 

by (3.10) under the condition (4.1)  and (4.2).  
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